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FIELD OF THE INVENTION 

The present invention relates generally to computer programs and, more 
specifically, to cloning programming code. 



BACKGROUND OF THE INVENTION 
5 Cloning programming code refers to creating various versions of the code, usually 

in the form of a function, to optimize the function's performance. Generally, one or more 
versions of a function are created or "cloned" from the function, and each cloned version 
performs better if a condition is satisfied. During program execution, if the condition 
corresponding to a cloned function is met, that cloned function, instead of the original 

10 function, is invoked, and the program therefore executes better because it runs a better 
version of the function. 

Currently, to identify cloning candidates, the compiler needs to identify the callers 
and their relevant information, such as context information, values, properties, etc., of the 
argument, global variables, etc. The compiler also needs to identify the definition or the 

15 function body including the programming code of the function to be called (e.g., the 
callee) so that the compiler can perform analysis to determine the cloning benefits, 
strategies, etc. The compiler further needs to process the source code of the program and 
related libraries at the same time.. 

Additionally, independent cloning for shared libraries that contain functions 

20 including their cloned versions cannot be done because when a shared library is built 
independently from other routines of a program, information related to the calls, the 
callers, etc., is not available. However, when the program applications invoking the 
cloned functions are built, information of the callers is available, but the source code of 
the library may not be available for modification. Building a library or a program refers to 
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creating binary programming code from its source code, including compiling and linking 
various objects, object modules, etc. 

Based on the foregoing, it is desirable that mechanisms be provided to solve the 
above deficiencies and related problems. 
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SUMMARY OF THE INVENTION 

The present invention relates to cloning programming code, which, in an 
embodiment, is in the form of functions in the C language. Further, in a method 
embodiment, a call to a clone of a function is provided, and information mapping the 
clone to the function is generated. At link time, if no function body of the clone is 
accessible by a linker, then the linker uses information mapping the clone to the function 
to satisfy a linker's requirement. At load time, if no function body of the clone is 
accessible by a loader, then the loader, based on the mapping information, allows 
selection of a body of the function. However, if the body function of the clone is 
accessible by the loader, then the loader allows selection of the body of the clone. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, and not by way of 
limitation, in the figures of the accompanying drawings in which like reference numerals 
refer to similar elements and in which: 

FIG. 1 shows an environment embodiment; 

FIG. 2 shows the application program in FIG. 1, in accordance with an 
embodiment; 

FIG. 3 shows a function of the application program and its two clones, in 
accordance with an embodiment; 

FIGs. 4A - 4D show various embodiments for cloning; 

FIG. 5 shows a name for a clone, in accordance with an embodiment; 

FIG. 6 is a flowchart illustrating a method embodiment; and 

FIG. 7 shows a computer in accordance with an embodiment. 
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DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS 

In the following description, for the purposes of explanation, numerous specific 
details are set forth in order to provide a thorough understanding of the present invention. 
However, it will be apparent to one skilled in the art that the invention may be practiced 
5 without these specific details. In other instances, well-known structures and devices are 
shown in block diagram form in order to avoid obscuring the invention. Further, unless 
specifically specified, terms used in this document have ordinary meaning to those skilled 
in the art. 

10 OVERVIEW 

FIG. 1 shows an embodiment of a programming environment 100 that includes an 
application program 110, a compiler 120, a library 125, a linker 130, and a loader 140. 
Program 110 performs various computing functionalities on a computer (not shown). 
Program 110 includes instructions or programming code, which is often in the form of 

15 functions in the C language, methods in the Java and C++ language, procedures in the 
Pascal language, subroutines in the FORTRAN language, etc. For illustration purposes, 
this document uses the term function. However, embodiments of the invention are 
applicable to methods, procedures, routines, etc., and their equivalences, and are not 
limited to a particular programming language. A function is generally a named section of 

20 a program including code that performs a task for the program. 

Compiler 120 translates source code of programs, such as that of program 1 10, to 
object code, object modules, etc. 

Library 125 is a collection of precompiled routines, objects, object modules, etc., 
which are commonly used so that programmers do not have to re- write them when 
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needed. Compiler 120 or various other compilers may provide the content of library 125. 
A particular program 110 may be linked to one or a plurality of libraries 125. 

Linker 130 combines object code, object modules, etc., to form an executable 
program. These object code, object modules, etc., may be the results of compiling various 
5 modules of program 110 and/or be part of one or various libraries 125. Linker 130 may 
be referred to as an editor linker, a binder, etc. 

Loader 140 copies different executable modules of program 110 into memory of a 
computer for execution. Time at loading may be referred to as load time or run time. In 
an embodiment, loader 140 is a dynamic loader (did). 

10 

THE APPLICATION PROGRAM 
FIG. 2 shows an embodiment of program 110 that includes a plurality of functions 
foo_l() to foo_N() and a plurality of functions bar_l() to bar_M(). The number "N" and 
"M" indicate that the number of functions foo() and function bar() are independent. 

15 Functions foo() and function bar() represent programming functions. For illustration 
purposes, a function foo() calls one or a plurality of functions bar(). As such, functions 
foo() may be referred to as the callers while functions bar() may be referred to as the 
callees. The code in functions foo() that invokes a function bar() may be referred to as a 
call site to function bar(). However, embodiments of the invention are not limited to this 

20 example as functions bar() may be called by various other programming code including 
those in program 110. 



CLONING 

In accordance with techniques of the invention, one or various versions of a 
25 function bar() are created or "cloned." For example, a function bar_l() may be cloned to 
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one or a plurality of function bar_l_clone_l(), function bar_l_clone_2(), function 
bar_l_clone_3(), etc., (not shown). Similarly, a function bar_2() may be cloned to one or 
a plurality of a function bar_2_clone_l(), bar_2_clone_2(), bar_2_clone_3(), etc., (not 
shown). Embodiments of the invention are not limited to the number of clones a function 
5 may have. Once cloned versions of functions bar() are created, they are treated as 

programming functions, and, in various embodiments, are included in one or a plurality of 
libraries 125 to be used as appropriate, such as, by program 1 10, functions foo(), other 
programming code, etc. 

Generally, a cloned version of a function bar(), for example, function bar_clone(), 

10 is more efficient than its original function bar(). FIG. 3 shows a function bar() and its two 
clones, e.g., function bar_clone_l() and a function bar_clone_2(), to illustrate how 
functions bar_clone_l() and bar_clone_2() are more efficient than function bar(). In FIG. 
3, the argument list of function bar() includes a passing parameter p as an integer, and the 
body of function bar() includes the statement "if* and its corresponding programming 

15 code from lines 310 to 340. Accordingly, if (p=0), then the code from lines 310 to 320 
are executed, and if (p!=0), then the code from lines 330 to 340 are executed. In this 
example of FIG. 3, function bar_clone_l() is created for use when (p=0), and, 
consequently, includes only the code from lines 310 to 320. The code from lines 330 to 
340 is eliminated in function bar_clone_l() because lines 330 to 340 are not executed 

20 when (p=0). Similarly, function bar_clone_2() is created for use when (p!=0), and the 
code from lines 310 to 320 in function bar() is therefore eliminated in function 
bar_clone_2() because lines 310 to 320 are not executed when (p!=0). In this example, 
functions bar clone l () and bar_clone_2() are more efficient than function bar() because 
they have code size smaller than that of function bar(). In various embodiments, compiler 

25 120 performs program analysis on potential functions bar() to be cloned, analyzes the 
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advantages and disadvantages of cloning, and creates the clones if the advantages 
outweigh the disadvantages. Compiler 120 examines the functions' code, relates their 
relationships with formal parameters, and from the relationship decides the cloning 
strategy such as providing the number of clones, the clones that meet a condition, etc. 
5 Examples of examined statements and expressions include control flow conditions, array 
bound calculations, etc. Examples of cloning advantages include reducing the code size, 
managing memory efficiently, allowing compiler 120 to freely allocate resources without 
limitations if those limitations are not executed, etc. In general, accessing memory for 
data takes longer than accessing another storage media such as cache, registers, register 

10 files, etc. Examples of cloning disadvantages include the total number of clones per 

function, per library, large storage space and longer loading time for large libraries, etc. 
The more clones a library 125 has, the larger the library is, and thus the more memory it 
occupies, the longer linking and loading time, etc. 

Depending on the type and number of arguments that are passed from a caller 

15 function foo() to a callee function bar(), one or a plurality of the callee's clones may be 

created for use as appropriate, and therefore improving performance of program 110. For 
example, cloning may be done based on the relationship between two or more parameters, 
the values of one or more parameters, opportunities for compiler 120 to maximize its 
ability, e.g., freely to allocate resources at its own choice. For example, if compiler 120 is 

20 informed that there won't be alias between two parameters, compiler 120 can freely 
manage data to be used by those parameters and related code without being concerned 
that the two parameters may be aliased, etc. As a result, the compiled code executes more 
efficiently. Additional examples of cloning opportunities include two or more parameters 
are not aliased; pointer parameters have specified alignments wherein the alignment for 

25 each pointer parameter may be the same or different; a parameter has a logical 
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relationship with a number, another parameter; a parameter has values in a restricted 
range, is negative, positive, etc. Examples of logical relationships include greater than, 
equal to, lesser than, greater or equal to, lesser or equal to, etc. 

Compiler 120 also uses profile data of program 110, weighs the advantages and 
5 disadvantages, and determines clone candidates and strategies, such as above. Tools to 
analyze programs may be used to capture behavior of the program, and cloning is done 
based on such behavior. For example, if the call data to function bar (int p, int q) shows 
that in the majority of the call p > q, p > 0, q =2, etc., then cloning based on p > q, p > 0, 
q =2, etc., is a good opportunity. 

10 In various embodiments, programmers, instead of compiler 120, perform the 

analysis and specify conditions for compiler 120 to clone a function bar() when compiler 
120 recognize the directive "#pragma clone" and associated parameters indicating 
conditions for cloning. These embodiments may be referred to as "user directed" because 
the users or programmers direct the compiler to perform cloning. 

15 Generally, once the clones are created, invoking these clones is transparent to 

programmers. For example, if function bar_clone() is cloned from function bar(), then 
compiler 120 substitutes the code invoking function bar() to the code invoking function 
bar_clone(). As a result, when the program executes, it automatically invokes function 
bar_clone(), instead of function bar(). Further, compiler 120 also generates and stores 

20 information mapping function bar_clone() to function bar(). In an embodiment, mapping 
information includes a pointer from a clone, e.g., function bar_clone() to its original 
function, e.g., function bar(), and is provided in the annotation section of the object file of 
program 110. However, embodiments of the invention are not so limited, such 
information may be a table having each clone entry corresponding to its original function 

25 and/or included in various other places accessible to the linker such as auxiliary objects, 
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etc. In general, each object file of a program contains a set of standard sections such as a 
"text" section that contains the code, a "data" section that contains the program data, a 
"symbol table" section that contains the program symbols, etc. Each section has a known 
"section type" defined by the standard. However, compilers, such as compiler 120, may 
5 also create, in the object file of the program, sections that are not defined by the standard 
in order to pass additional information from the compiler to the linker. Usually, such 
information includes annotations to some standard entities such as symbols, and the 
section containing such information may be referred to as an annotation section and may 
contain various data types. 

10 Various embodiments of the invention clone functions bar() so that the object code 

of function bar() and of its clone(s) are included in a library 125. Consequently, building 
a library 125 may be done independent of building program 110, and cloning may be 
referred to as cloning at library build time. At that time, the compiler(s), such as compiler 
120, that compiles the source code of a library 125 does not see the code that invokes 

1 5 these functions bar() or their clones. Further, cloning in accordance with techniques of 
the invention does not rely on the calling site, the calling code, the calling environment, 
etc., and are therefore advantageous over other approaches. Because libraries 125 can be 
built independently from program 110, libraries 125 and/or function clones may be 
modified and/or updated as appropriate. For example, at the time of building program 

20 1 10, a library 125 is at version 1.0, which does not include a body of function bar cloneQ. 
However, cloning process may begin, e.g., compiler 120 can replace calls to function 
bar() by calls to function bar_clone() in program 110, and program 110 can be built or, in 
fact, re-built. Library 125 may then be independently updated to become version 2.0 and 
includes a body of function bar_clone(). Nevertheless, at run time, the function body of 

25 bar_clone() in the version 2,0 of library 125 may be invoked. 
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EXAMPLES OF CLONING 
FIG. 4A shows an embodiment of cloning a function bar() for use when two 
parameters are not aliased, e.g., point to locations that are not overlapped. Because p and 
5 q are not overlapped, compiler 120 can freely schedules tasks without being concerned 
that p and q may be aliased, and therefore the code from lines 41 OA to 420 A in the clone 
can be executed more efficiently. 

FIG. 4B shows an embodiment of cloning a function bar() for use when two 
parameters have a 16-byte alignment. Because of the alignment, more efficient memory 
10 code can be generated from lines 41 OB to 420B. 

FIG. 4C shows an embodiment of cloning a function bar() for use when the second 
parameter is not equal to a defined number, e.g., 1. Accordingly, the code from lines 
41 0C to 420C is eliminated in the clone. 

FIG. 4D shows an embodiment of cloning a function bar() for use when there is a 
15 relationship between the first parameter and the second parameter, such as when the first 
parameter is greater than the second parameter. Consequently, the code from lines 410D 
and 420D is eliminated in the clone. 



NAMING CONVENTION 

20 In various embodiments, clone names are used based on a convention, and a clone 

name includes encoded conditions for cloning. FIG. 5 shows a name 500, in accordance 
with an embodiment. In name 500, <clone> indicate the function is a clone, 
<original_function_name> indicates the name of the original function to be cloned; 
<condition_l> to <condition_n> indicate various conditions for cloning. Further, the 

25 character "_" is used as separations for easily reading a name. However, embodiments of 
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the invention are not limited to this character. No character and/or various other 
characters may be used. As an example, in the name 

_clone_bar_parm_align_l_16_parm_value_2_gt_0, "bar" is the original function name 
with the first parameter having 16-byte alignment, and the second parameter is greater 
5 than zero. As another example, _clonej3ar_firstparm_gt_secondparm is the name of the 
clone for function bar() having one condition that the first parameter is greater than the 
second parameter. Based on the name of a clone, the function from which the clone is 
created and the condition for cloning may be decoded and thus identified. Those skilled 
in the art will recognize that how a name is decoded is based on how it is encoded. 

10 

SUPPORT FOR CLONING AT LINK TIME 
In various embodiments, linking is considered satisfactory, and linker 130 does 
not report errors even if the bodies of function clones including programming code are not 
yet available or being accessible by the callers, such as being included in a library 125. 

15 Accordingly, compiler 120 passes information mapping the clones to their original 

function to linker 130 so that when linker 130 receives this mapping information, linker 
130 recognizes that the body of the clones will be provided as appropriate, e.g., at load 
time, and thus satisfies the linker's requirement of having a function body of the clone for 
the call to the clone. After processing the mapping section, symbols for function clones 

20 are marked with a flag so that linker 130 does not report "unsatisfied symbols." 

Reporting an "unsatisfied" condition normally occurs when there is not a function body at 
link time to satisfy the call to the function. In an embodiment, if there is no function body 
of the clone, linker 130 generates a temporary "unsatisfied" condition and resorts to the 
mapping information. If the mapping information is appropriate, then linking is 

25 considered satisfactory, and linker 130 does not report an unsatisfied condition. For 
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example, if function bar_clone() is mapped to function bar(), and the body of function 
bar() is included in the library, then linking is satisfactory and linker 130 does not report 
an unsatisfied condition. However, if the body of both function bar clone() and function 
bar() is not accessible, e.g., not included in library 125, then linker 130 reports the 
5 unsatisfied condition. 

Linker 130 also uses the mapping section to create entries in the loadable note 
section in the executable that contains information allowing loader 140 to perform 
alternate symbol resolution for cloned functions. In an embodiment, when loader 140 
resolves a reference, e.g., a call to a clone, and if the clone body exists, then the reference 

10 is resolved to the clone. However, if the clone body does not exist, then the reference is 
resolved to the original function of the clone. In order for loader 140 to find the original 
function of the clone, loader 140 also uses information mapping the clone to the original 
function, which, in an embodiment, is stored in the note section or "loadable" note 
section. The term "loadable" is commonly used in the art because the note section is used 

15 by the loader. The loadable note section may also be referred to as an annotation section 
as described above. Linker 130 also creates an import procedure linkage table entry 
(EPLT) for the cloned functions in the executable so that the resolution for the cloned 
functions may be delayed until load time. Generally, a procedure linkage table entry 
(PLT), which may be referred to as a function descriptor, is an entry describing the 

20 function. A PLT also contains the code address of the function and the data segment 

address of the shared library that defines the function. A PLT is normally used for calls to 
a function defined in a shared library, e.g., library 125, and this PLT may be referred to as 
an imported PLT or IPLT. 
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SUPPORT FOR CLONING AT LOAD TIME 
In an embodiment, at load time, if loader 140 recognizes the definition, e.g., the 
body, of the cloned functions, e.g., functions bar_clone(), then loader 140 resolves 
5 references to the cloned functions to this definition, e.g., function bar_clone(), and 

program execution therefore executes the code of this function body. However, if there 
is no definition, then loader 140 resolves the clone references to the definition of the 
original function, e.g., function bar(). In an embodiment, if loader 140 cannot access the 
body of function bar_clone(), then loader 140 uses the loadable note section in the 
10 executable that contains entries with clone information created by linker 130. Each entry 
in the note section includes information mapping a clone function to its original function. 
If the mapping information is appropriate, then loading is complete without error 
messages. 

To avoid unnecessary routing for actual unsatisfied symbols, a symbol type or 
15 attribute for the symbol table is provided to mark symbols/functions that are clones. 

When resolving clone functions, loader 140 uses this table, recognizes cloned functions, 
and acts accordingly. 

In various embodiments, when there is more than one clone for a function, loader 
140 prioritizes the list of the clones and selects from the list the best, the next-to-best 
20 clone, etc., to be used. In general, a less generalized, i.e., more restrictive, clone is better 
than a more generalized clone; a clone is better than its original function, etc. For 
example, if there is a reference to a clone with two conditions, and the body for this clone 
does not exist. However, if the body of a clone that satisfies one condition exists, then the 
reference is resolved to that less restrictive clone, i.e., the one with one condition, instead 
25 of the original function. 
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ILLUSTRATION OF A METHOD EMBODIMENT 
FIG. 6 is a flowchart illustrating a method embodiment of the invention. For 
illustration purposes, program 110 includes a call to a function bar(). Program 110 has 
5 been in operation and operates with library 125. 

In step 604, a decision is made to clone a function bar_clone() from function bar(). 
The decision was the result of one or a combination various techniques described above, 
such as reviewing the parameters passed to function bar(), analyzing the advantages and 
disadvantages of cloning, etc. At this point, library 125 does not include a body of 
1 0 function bar_clone(). 

In step 608, program 1 10 is (re-)built, including (re-)compiling and (re-)linking 
with library 125. As explained above, this building of program 1 10, in various 
embodiments, is independent of building library 125. 

In step 612, compiler 120, as part of the building process, compiles program 110 
15 and thus substitutes the call to function bar() by a call to function bar_clone(). 

In step 616, compiler 120 generates and stores information mapping function 
bar_clone() to function bar(). 

For illustration purposes, if program 110 continues to use library 125 without 
modification, then the method continues from steps 620 to 632. However, if library 125 
20 is modified to include the body of function bar_clone(), then the method continues from 
steps 650 to 666. 

In step 620, linker 130, also as part of the rebuilding process, links various 
modules and/or portions of program 110 and library 125. 

In step 624, linker 130 generates a temporary unsatisfied condition because linker 
25 130 has no access to the body of function bar_clone(). 
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In step 628, because of the temporary unsatisfied condition related to function 
bar_clone(), linker 130 uses the information mapping function bar_clone() to function 
bar(). For illustration purposes, linker 130, based on the mapping information, recognizes 
the body of function bar() and consequently considers the linking process satisfactory. As 
5 a result, linker 130 does not generate an unsatisfied condition, and linking and thus 
building program 1 10 is complete. 

In step 632, program 1 10 is loaded for execution. Because there is not a body of 
function bar_clone(), loader 140, based on the information mapping function bar_clone() 
to function bar(), allows the call to function bar_clone() in step 612 to invoke the body of 
10 function bar(). Execution of program 110 continues as normal. 

The following steps 650 to 666 illustrate the situation in which the body of 
function bar_clone() is created and included in library 125, and the method continues after 
step 616. 

In step 650, for illustration purposes, a body of function bar_clone() is created to 
15 be included in library 125. Compiler 120 may create this body of function bar_clone() 
automatically or by a directive "pragma" statement as illustrated above. 

In step 654, after function bar_clone() is created, library 125 is (re-)built to include 
the body of function bar cloneQ. Re-building library 125 in this step may be done 
independently from re-building/building program 110. 
20 In step 658, linking library 125 and program 1 10 is performed. 

In step 662, linker 130 processes the linking without complication because the call 
to function bar_clone() in step 612 is satisfied by the body of function bar clone() 
included in library 125 in step 654. 
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In step 666, at load time, loader 140, recognizing the call to function bar_clone() 
and its body in library 125, allows the call to invoke this body, and execution of program 
110 continues as normal. 

In steps 662 and 666, both linker 130 and loader 140 do not use information 
5 mapping function bar_clone() to function bar() because the body of function bar_clone() 
included in library 125 in step 654 satisfies the call to function bar_clone() in step 612. 

Various embodiments of the invention are advantageous over other approaches 
because analysis on the callers is not necessary, and cloning may thus be done with 
assumptions without regards to the function callers. Compiler 120 does not have to 
10 process the source code of program application 110 and of library 125 at the same time, 
i.e., independently from one another. As a result, compiler 120 can substitute calls to 
functions to be clones to calls to the clones in program 110 without seeing the source code 
of library 125. 

COMPUTER SYSTEM OVERVIEW 
15 FIG. 7 is a block diagram showing a computer system 700 upon which 

embodiments of the invention may be implemented. For example, computer system 700 
may be implemented to run environment 100, to perform tasks in the form of 
programming code or instructions, in accordance with the techniques described above, 
etc. In an embodiment, computer system 700 includes a central processing unit (CPU) 
20 704, random access memories (RAMs) 708, read-only memories (ROMs) 712, a storage 
device 716, and a communication interface 720, all of which are connected to a bus 724. 

CPU 704 controls logic, processes information, and coordinates activities within 
computer system 700. In an embodiment, CPU 704 executes instructions stored in RAMs 
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708 and ROMs 712, by, for example, coordinating the movement of data from input 
device 728 to display device 732. CPU 704 may include one or a plurality of processors. 

RAMs 708, usually being referred to as main memory, temporarily store 
information and instructions to be executed by CPU 704. Information in RAMs 708 may 
5 be obtained from input device 728 or generated by CPU 704 as part of the algorithmic 
processes required by the instructions that are executed by CPU 704. 

ROMs 712 store information and instructions that, once written in a ROM chip, 
are read-only and are not modified or removed. In an embodiment, ROMs 712 store 
commands for configurations and initial operations of computer system 700. 
10 Storage device 716, such as floppy disks, disk drives, or tape drives, durably stores 

information for use by computer system 700. 

Communication interface 720 enables computer system 700 to interface with other 
computers or devices. Communication interface 720 may be, for example, a modem, an 
integrated services digital network (ISDN) card, a local area network (LAN) port, etc. 
15 Those skilled in the art will recognize that modems or ISDN cards provide data 

communications via telephone lines while a LAN port provides data communications via 
a LAN. Communication interface 720 may also allow wireless communications. 

Bus 724 can be any communication mechanism for communicating information 
for use by computer system 700. In the example of FIG. 7, bus 724 is a media for 
20 transferring data between CPU 704, RAMs 708, ROMs 712, storage device 716, 
communication interface 720, etc. 

Computer system 700 is typically coupled to an input device 728, a display device 
732, and a cursor control 736. Input device 728, such as a keyboard including 
alphanumeric and other keys, communicates information and commands to CPU 704. 
25 Display device 732, such as a cathode ray tube (CRT), displays information to users of 
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computer system 700. Cursor control 736, such as a mouse, a trackball, or cursor 
direction keys, communicates direction information and commands to CPU 704 and 
controls cursor movement on display device 732. 

Computer system 700 may communicate with other computers or devices through 
5 one or more networks. For example, computer system 700, using communication 

interface 720, communicates through a network 740 to another computer 744 connected 
to a printer 748, or through the world wide web 752 to a server 756. The world wide web 
752 is commonly referred to as the "Internet." Alternatively, computer system 700 may 
access the Internet 752 via network 740. 

10 Computer system 700 may be used to implement the techniques described above. 

In various embodiments, CPU 704 performs the steps of the techniques by executing 
instructions brought to RAMs 708. In alternative embodiments, hard-wired circuitry may 
be used in place of or in combination with software instructions to implement the 
described techniques. Consequently, embodiments of the invention are not limited to any 

15 one or a combination of software, firmware, hardware, or circuitry. 

Instructions executed by CPU 704 may be stored in and/or carried through one or 
more computer-readable media, which refer to any medium from which a computer reads 
information. Computer-readable media may be, for example, a floppy disk, a hard disk, a 
zip-drive cartridge, a magnetic tape, or any other magnetic medium, a CD-ROM, a CD- 

20 RAM, a DVD-ROM, a DVD-RAM, or any other optical medium, paper-tape, punch- 
cards, or any other physical medium having patterns of holes, a RAM, a ROM, an 
EPROM, or any other memory chip or cartridge. Computer-readable media may also be 
coaxial cables, copper wire, fiber optics, acoustic or electromagnetic waves, capacitive or 
inductive coupling, etc. As an example, the instructions to be executed by CPU 704 are 

25 in the form of one or more software programs and are initially stored in a CD-ROM being 
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interfaced with computer system 700 via bus 724. Computer system 700 loads these 
instructions in RAMs 708, executes some instructions, and sends some instructions via 
communication interface 720, a modem, and a telephone line to a network, e.g. network 
740, the Internet 752, etc. A remote computer, receiving data through a network cable, 
5 executes the received instructions and sends the data to computer system 700 to be stored 
in storage device 716. 

In the foregoing specification, the invention has been described with reference to 
specific embodiments thereof. However, it will be evident that various modifications and 
changes may be made thereto without departing from the broader spirit and scope of the 
10 invention. Accordingly, the specification and drawings are to be regarded as illustrative 
rather than as restrictive. 
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